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Abstract 
The present study examined the extent to which human processing of facial age is impacted by 
single nucleotide polymorphisms (SNPs) within two genes involved in the secretion and 
intracellular signal transduction pathways of the neurohormone oxytocin. Although such 
polymorphisms have been found to reliably and differentially predict participants' performance 
on a variety of social cognitive abilities, the impact of two markers present in the human OXTR 
and CD38 genes, respectively -rs53576 and rs3796863-has not yet been assessed in the 
context of facial age recognition ability. Young adult participants were directed to complete a 
computerized facial age discrimination task presenting faces of five age ranges (i.e., 1-4, 5-8, 9-
12, 13-17, 18-22 years of age) and of both male and female gender. Participants' genetic material 
was additionally sampled at this time. Preliminary findings indicate, consistent with trends in 
previous literature, that participants homozygous for the GIG rs53576 allele in OXTR are more 
accurate in their facial age discriminations compared to those possessing the Gl A or AI A 
genotypes. In addition, participants' performance on the facial discrimination task indicated 
significant effects for stimulus age and gender independent of participant genotype, with younger 
faces and male faces being identified more accurately, on average. 
Keywords: Facial age discrimination, oxytocin, OXTR, CD38, rs53576, rs3796863 
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Single Nucleotide Polymorphisms (SNPs) of the Oxytocin Receptor (OXTR) and CD38 Genes 
Impact Perception of Facial Aging in Humans 
Facial morphology in human beings is a complex and multi-factored characteristic 
capable of displaying incredible subtlety. Consequently, it is as much the case that humans 
possess intensively developed cognitive faculties and neuroanotomical structures capable of 
discerning socially relevant features from faces (Haxby, Hoffman, & Gobbini, 2000). In contrast 
to research addressing the salience of other socially relevant facial dimensions (e.g., ethnicity, 
relationship to participant, emotion), research assessing the ability of humans to identify facial 
age specifically has been insubstantial. This is disproportionate to the likely significance of being 
able to make judgments regarding facial age in an accurate fashion, an ability that may calibrate 
our willingness to help others and to generally anticipate their needs in an accurate fashion. This 
is a perspective supported by prior research noting that the perception of immaturity in faces 
significantly impacts others' perception of facial "cuteness" and naivete, competence, desire for 
proximity, and willingness to provide nurturance (Alley, 1981; Berry & McArthur, 1986; 
Lebrowitz & Montepare, 2005). 
Although since revisited by contemporary research in evolutionary psychology, it was 
ethologist Konrad Lorenz (1943) who initially proposed evolutionary implications regarding the 
relationship between human infant morphology and the perception of such features by adults. 
Referring to the aggregate of these features as the Kindchenschema (i.e., child schema), he 
suggested that they likely served to enhance offspring survival, specifically by motivating 
caregiving behavior and increasing the likelihood that children-who are greatly dependent on 
adults for social support and protection-reliably receive this type of highly resource-intensive 
care not usually reserved for other age groups. Of key importance to the child schema proposed 
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by Lorenz is the extent to which it is informed by characteristics ofthe infant face (e.g., a 
disproportionately large head, small nose, large forehead, large eyes). It is likely that several, if 
not all, of these cues contribute to judgments of facial age and, as proposed by Lorenz, served as 
proximal mechanisms for decreasing child mortality in our evolutionary past. Although placing 
significant emphasis on dimensions ofthe social stimulus (e.g., children's faces), this theory 
largely fails to consider the necessarily bidirectional relationship of facial age perception insofar 
as it neglects the adult caregiver's role as an interpreter of such cues. This is a potentially 
significant explanatory omission, as it is likely that human adults display variability in their 
responses, even in the presence of an appropriate facial stimulus. As a consequence, theories of 
facial age perception able to contextualize and account for inter-observer differences are 
essential as a means to better understand its function and significance to human cognition. 
As little as facial age has been addressed as an aspect of the human face worthy of study, 
even less research has assessed the extent to which typically developing individuals differ in 
their ability to perceive socially salient facial stimuli in general (Palermo, O'Connor, Davis, 
Irons, & McKone, 2013). Although it is overwhelmingly probable that psychosocial dynamics 
and experience refine individuals' perception of facial age over the course of development 
(Gross, 1997, 2004a, 2007), the extent to which fixed, genetic factors may support or constrain 
such adaptive social functioning is poorly understood. As with the wider lack of research 
regarding the cognitive mechanisms of facial age processing, our corresponding lack of 
understanding regarding the neurobiological basis of facial age perception is at odds with its 
apparent significance to our species. 
Although this lack of understanding poses questions at the level of basic behavioral 
science, it also carries significant implications for several domains of public policy, including but 
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not limited to our understanding of developmental disorders and risk factors for childhood 
physical abuse. One such example of the former is in the diagnosis and treatment of autistic 
spectrum disorder (ASD)-a neurodevelopmental condition marked by deficits in social 
cognition and, specifically, difficulties in the processing of facial affect (Gross, 2004b). As of 
currently, there are no diagnostically accepted molecular genetic markers or genetic 
abnormalities conclusively linked to the presence of autism, although many have been and 
continue to be proposed (Eapen, 2011 ). Recently, such research has utilized robust molecular 
biological methodologies to identify potential genetic loci of significance to ASD, specifically by 
mapping differences in social perception to naturally occurring variations present in the genomes 
of neurotypical participants (Kogan et al., 2011; Sauer, Montag, Worner, Kirsch, & Reuter, 
2012). Although extensive discussion of this research paradigm is beyond the scope of this 
paper, it is noteworthy as a method that will likely increasingly inform how autistic spectrum 
disorders are physiologically understood, investigated, and perhaps eventually diagnosed. 
Despite deficits in social and emotional processing, most autistic individuals enter 
adolescence and adulthood as law-abiding citizens who may, in fact, take great efforts to 
scrupulously follow such rules (Murrie, Warren, Kristiansson, & Dietz, 2002). Contrastingly, it 
may be the case that individuals with related deficits in facial processing-specifically facial age 
processing-may be at risk to criminally offend under certain stimulus conditions. As described 
by McCabe (1984), children who are physically abused demonstrate cranial-facial morphology 
that appears atypically older, compared to same-age peers, implying that the caregivers of these 
children may, based on cues in the face, fundamentally fail to view them as children. McCabe 
emphasizes that this effect, although robust, is insufficient to account for all instances of 
childhood physical abuse in what is likely a complex, multifactorial phenomenon. Although this 
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may be the case, recent research has investigated molecular genetic markers in several human 
genes (i.e., within the oxytocin receptor and CD38 genes) that appear to be differentially 
predictive of parental attentiveness to young children (Feldman et al., 2011), strongly suggesting 
that McCabe's findings may exist in the wider framework of a Caregiver Genotype x Child 
Facial Age interaction. In the context of early childhood intervention programs (e.g., Head Start) 
and legal custody proceedings, such information may prove invaluable in assessing the level of 
potential risk to a child's welfare and in identifying individuals who would be best served by 
parental skills training. 
The Oxytocin Receptor (OXTR) 
Over the past several years, novel applications of molecular biological techniques to 
questions classically within the realm ofbehavioral genetics have resulted in detailed, 
compelling, and promising insights into the behaviors of both human and non-human animals. 
Notable amongst such findings are those related to the neurohormone oxytocin. Classically 
implicated in cervical dilation during parturation as well as the milk letdown reflex in female 
mammals (Gimpl & Fahrenholz, 2001), a growing body ofliterature has found naturally 
occurring variations in the gene encoding the human oxytocin receptor (OXTR) (i.e., to which 
oxytocin binds and exerts its physiological effects) to be differentially predictive of parental 
responsiveness to young children (Bakermans-Kranenberg & Van Ljzendoorn, 2008), preference 
for infant faces (Marsh et al. , 2012), and face recognition memory (Skuse et al., 2013). At the 
level of neuroimaging, polymorphisms within the OXTR gene appear to correlate to 
hypothalamic grey matter volume and connectivity differences between the hypothalamus, dorsal 
anterior cingulate cortex, and amygdala, with individuals of deleterious genotype demonstrating 
decreased hypothalamic grey matter volume as well as decreased amygdalar activation and 
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elevated hypothalamic-amygdalar co-activation on a task of facial emotion processing (Tost et 
al., 2010). 
7 
Evidently cutting across a wide range of psychosocial phenomena of varying complexity, 
the site of a potential single base pair, guanine/adenine (G/ A) substitution within OXTR-
rs53576-appears to differentially predict self-reported social auditory processing ability (Tops, 
Van Ljzendoorn, Riem, Boksem, & Bakermans-Kranenberg, 201 1) approximately as well as it 
predicts response to early life adversity and vulnerability to depression (McQuaid, Mcinnis, 
Stead, Matheson, & Anisman, 2013). Developmentalists have long understood the quality of a 
child's early interactions with caregivers to be impactful upon later patterns of social attachment 
and functioning (Ainsworth, 1979). It is only more recently that molecular biological techniques 
have been employed to functionally map the molecular mechanisms by which oxytocin and other 
related neuropeptides affect the developmental course of social behaviors in a wide range of 
species, both non-human and human (Donaldson & Young, 2008; Feldman, 2012; Takayanagi et 
al., 2005). As such, an understanding ofOXTR's impact on behavior, at the level of individual, 
genetic difference may provide a fundamental model of social behavior capable of unifying 
observations made across species and across apparently disparate domains of psychosocial 
functioning. 
Cluster of Differentiation 38 (CD38) 
Although the vast majority of studies investigating individual differences in 
oxytocinergic genes and their resultant relationship to human social behavior have focused on 
OXTR, research from neuroimaging, cell biology, and comparative physiology has made a 
compelling case for the importance of another gene-duster of differentiation 38 (CD38)-as a 
mediator of social cognition. This is most evident in the fact that single nucleotide 
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polymorphisms of the CD38 gene-functionally analogous to rs53576 in OXTR-may correlate 
to the processing of facial emotion in humans. Sauer, Montag, Womer, Kirsch, and Reuter 
(2012) have found that an individual's genotype (i.e., either cytosine or adenine) at rs3796863 
within CD38 is predictive of the level of activation in the left fusiform gyrus during a task of 
facial emotion matching. It has been proposed that the left fusiform gyrus is involved in 
estimating the "face-like" properties inherent in a visual stimulus prior to its categorization into 
"face" or "non-face" categories by the right fusiform gyrus (Meng, Cherian, Singal, & Sinha, 
2012). Thus, beyond its established involvement in general social behavior, CD38 appears, in 
humans, to exert effects on facial cognition specifically. Interestingly, individual differences at 
this locus manifest as a Genotype x Oxytocin Administration interaction, with only those of the 
deleterious C/C genotype at rs3796863 identifying facial emotion more rapidly with the 
administration of exogenous, pharmaceutical oxytocin. 
As detailed by Salmina, Lopatina, Ekimova, Mikhutkina, and Higashida (2010), the 
action of CD38 importantly explains why oxytocin is active in the central nervous system (CNS) 
at all. Produced in parvocellular and magnocellular neurons of the supraoptic and paraventricular 
nuclei of the hypothalamus, a significant quantity of oxytocin is secreted directly into the 
circulatory system by way of release from magnocellular axon terminals, which exclusively 
project to the posterior pituitary. This is significant, as oxytocin, a bulky molecule, is unable to 
diffuse back into the CNS after it has been secreted into the circulatory system by way of this 
physiological mechanism. 
This is at odds with the fact that oxytocin is secreted in large quantities within the CNS 
by magnocellular secretory neurons (Leng, Meddle, & Douglas, 2008). An apparent answer to 
this discrepancy was identified by Landgraf and Neumann (2004), who found that dendritic 
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release of oxytocin occurred following the release of intracellular calcium ion stores in 
magnocellular neurosecretory cells. Importantly, this intracellular signaling event occurred 
independently of axonal oxytocin discharge. Although Landgraf and Neumann utilized the 
synthetic chemical thapsigargin to elucidate this functionality, two analogous compounds found 
endogenously in organisms ranging from plants to humans-cyclic adenosine diphosphate ribose 
( cADPR) and nicotinic acid dinucleotide phosphate (NAADP+)-produce equivalent 
physiological effects (Higashida et al., 2001). Important to the discussion here, the biochemical 
synthesis of both of these compounds is dependent on the enzyme adenine diphosphate ribosyl 
cyclase (ADP-ribosyl cyclase), the gene product ofCD38. 
Important to the robustness and generalizability of this model of social behavior, 
aberrances in CD38 gene function and resulting social defecits do not appear constrained solely 
to humans. At the organismal and behavioral level, induced disruption of CD3 8 function via 
targeted gene knockout (i.e., CD38 -/-) in mice has led to gross deficiencies in social behavior. As 
found by Jin et al. (2007), both male and female CD38 -/-mice demonstrate deficits in maternal 
and affiliative behaviors, respectively, with females displaying a longer latency to retrieve pups 
placed at different corners around an enclosure and males displaying social amnesia when 
presented with repeated opportunities to interact with a common female. Perhaps most 
interesting is the related finding that CD38 -/-mice express lower levels of oxytocin, an effect 
that is abolished by viral transduction of a functional CD3 8 gene construct into hypothalamic 
neurons. Thus, as with the actions of oxytocin itself, deficiencies in CD38 function appear to 
strongly impact the ability of both human and non-human animals to engage in and target 
species-typical behaviors to their appropriate social stimuli in an adaptive fashion. 
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Oxytocin and Perception of Facial Age: Possible Effects of OXTR and CD38 Genotype 
The study of the OXTR and CD38 genes as they affect facial recognition affords a unique 
perspective. Whereas the relevancy of OXTR to human social behavior has been directly 
elucidated from top-down, cognitive neuroscientific studies, the putative, organismal-level 
effects ofCD38 functional variation in humans can largely only be inferred from bottom-up 
molecular and comparative physiological models. By relating a novel, readily assessable socio-
cognitive skill-the ability to perceive facial age-to natural variation in genes known to impact 
physiological systems implicated in social behavior, we can qualify the extent to which OXTR 
and CD3 8 exert the ability to impact and shape a wide range of specific social skills. That is to 
say, the discovery of a phenotypic delimiter for the genes investigated here (i.e., a social 
behavior that is unrelated to, particularly, OXTR rs53576 genotype) would in many ways 
produce a more profound finding than identifying a further socially significant cognitive skill 
they impact. Within the context of the immediate literature, it should also be noted that the 
interactional dynamics between allelic variants of both CD3 8 and OXTR in humans and 
perception of a complex social stimulus such as facial age are even less understood and require 
appropriate clarification. 
As such, this study attempted to further substantiate and define such relationships with 
respect to two naturally occurring single nucleotide polymorphisms (SNPs) -rs53576 and 
rs3796863-within OXTR and CD38, respectively. Other than previously being identified as 
behaviorally relevant in humans, both were polymorphisms for which genotyping strategies had 
been developed and validated. Based on these previous findings, it was specifically expected that 
those of the guanine/guanine (G/G) genotype for rs53576 would demonstrate more accurate 
perception of facial age compared to those of either guanine/adenine (G/ A) or adenine/adenine 
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(AI A) genotype at this same locus. Similarly, it was predicted that participant's of the A/ A 
genotype at rs3 796863 would perform more accurately an a measure of facial age identification 
compared to those of cytosine/adenine (C/A) or cytosine/cytosine (C/C) genotype. 
Method 
Participants 
Participants (n= 43) were comprised of9 male (Mage= 20.7, SDage = 1.82) and 34 female 
(Mage = 20.8, SDage = 1.41) students from a small, California liberal arts college who were each 
compensated $10 for their time. Behavioral and biological data collection for all participants 
occurred between May 2013 and January 2014. The average age of male participants did not 
differ significantly from that offemale participants, t (41) = -.207,p = .84. Several ofthese same 
participants (n = 24) comprised a subsample composed of 5 males (Mage= 19.9, SDage = 1.27) and 
19 females (Mage= 21.2, SDage = 1.31) for which pilot data was obtained assessing the effect of 
OXTR rs53576 genotype on accuracy of facial age recognition. Behavioral and biological data 
resultant from this group was collected from May 2013 to July 2013. As with the aggregate 
sample, the average age of male and female participants did not statistically differ, t (22) = 1.98, 
p= .06. 
Facial Age Discrimination Task 
Using a program based on the experimental psychological testing platform Psyscope, 
participants were told that they were participating in an experiment regarding perception of facial 
aging. They subsequently selected faces, by mouse click, from multiple, 29-face arrays in order 
of perceived increasing age. The selection of a perceivedly younger face excluded it from the 
array, replacing it with a black mask. Participants, in all, completed this basic task for five age 
ranges (i.e., 1-4 years of age, 5-8 years of age, 9-12 years of age, 13-17 years ofage, and 18-22 
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years of age) of each sex for a total of 10 facial age discrimination subtasks. Facial sets (e.g., 1-4 
year old girls) were constructed by graphically morphing an algorithmically average, composite 
face at the younger age (i.e., 1 year of age) across 29 steps to an algorithmically average, 
composite face of the same individuals at the older age (i.e., 4 years of age) (see Figure 1). 
Photo manipulation was completed using Morpheus Photo Animation Suite (Morpheus 
Software, 1999-2007). To generate each older and younger face for its respective stimulus set, 
four faces of common gender and at the younger age were morphed across 15 steps. 
Subsequently, this process was repeated for the same four individuals at the older age. The 
median face within each ofthese 15-image series was taken as the composite face used in the 29-
step, morphed facial set presented to participants. 
Although male and female stimulus sets were presented in an alternating fashion, facial 
age ranges (e.g., 1-4 year old faces) were presented in random order. Additionally, faces for any 
given task were randomly assorted within the 3.8 x 3.8 em cells of the 7 x 5 cell facial array. 
Faces were presented within an oval mask to hide hair and clothing. In addition, faces were 
close-mouthed, of pleasant expression, and were unadorned (e.g., did not feature cosmetics). 
Aggregate Sample Genotyping: qRT -PCR 
Immediately preceding or following the administration of the facial aging task, 
participants rinsed their mouths thoroughly with 40 ml of drinking water. They then vigorously 
swished 10 ml of a .9% (rnlv) saline solution about the mouth for 30 s before depositing it into a 
conical-bottom tube that was then immediately placed on ice. DNA isolation was achieved using 
a QIAamp DNA Blood Mini kit (Qiagen, Valencia, CA) to which 200 ul of resuspended buccal 
cells in .9% saline solution were applied following initial pelleting of 1 ml of the 10 ml saline 
rinse presented to participants. DNA isolation was conducted within 2 hr of sample collection for 
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all participants. Quantitative real-time polymerase chain reaction (qRT-PCR) conducted using 
5' -hydrolysis probes (Applied Biosystems, Foster City, CA) specific to each locus-either 
rs53576 (TaqMan SNP Genotyping Assay, C_3290335_10) or rs3796863 (Taqman SNP 
Genotyping Assay, C_1216944_10)-was used to generate genotypic calls. Each locus was 
evaluated independently (i.e., genotyping reactions were not multiplexed) and genotypic 
assignments for each participant were verified in duplicate at both loci. Reactions were 
conducted using a Type-it Fast Probe PCR Kit (Qiagen, Valencia, CA) in a Bio-Rad ClOOO 
thermal cycler equipped with a CFX96 optical reaction module (Bio-Rad, Hercules, CA). 
Individual PCR reactions contained 12.5 ul of2x Type-it Fast SNP Probe PCR Master Mix, 1.25 
ul ofthe appropriate 20x Taqman SNP Genotyping Assay, approximately 10 ng of genomic 
DNA, and 2.5 ul of 5x Q-Solution. Each reaction was conducted in a total volume of 25 ul. 
Thermal cycling conditions consisted of an initial step of 5 min at 95°C followed by 40 cycles of 
15 sat 95°C, then 30 sat 60°C. Fluorometric readings for each reaction were acquired after each 
cycle. Using this data, amplification curves were visualized using the CFX Manager software 
(Bio-Rad, Hercules, CA). 
Pilot Sample Genotyping: Sanger Sequencing 
Genotyping of the pilot sample at the OXTR rs53576locus proceeded using genomic 
DNA obtained and isolated in same fashion as for the wider sample. As described in Bakermans-
Kranenberg and Van Ljzendoorn (2008), genotyping was carried out by site-specific, PCR-
mediated enrichment of a 340 base pair region flanking the rs53576 polymorphic site. A 
QIAquick Gel Extraction kit (Qiagen, Valencia, CA) was then used to purify this resulting 
amplicon following electrophoretic separation of PCR products on a 2% agarose gel. Sanger 
sequencing was subsequently conducted with the forward PCR primer using BigDye v3.1 
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chemistry (Applied Biosystems, Foster City, CA). Capillary electrophoresis of dye-terminated 
DNA fragments was accomplished using an ABI 3730 DNA analyzer (Applied Biosystems, 
Foster City, CA). Sequencing chromatograms were visualized using FinchTV trace-viewing 
software (Geospiza, Waltham, MA) 
Results 
Effect of Participant rs53576 Genotype: Pilot Sample 
14 
Figure 2 represents, as a bar graph, the difference in average facial age recognition 
accuracy demonstrated by those of guanine/guanine (G/G) homozygous genotype versus 
guanine/adenine (G/A) heterozygous or adenine/adenine (A/A) homozygous genotype at OXTR 
rs53576. A 2 X 2 X 2 X 5 ANOV A with two between subjects factors (i.e., participant gender: 
male or female; participant genotype: GG or GAl AA) and two within subjects factors (i.e., 
stimulus gender: male or female; stimulus age: 1-4, 5-8, 9-12, 13-17, 18-22 years of age) was 
conducted on participants' age discrimination scores. A marginally significant main effect was 
detected for OXTR rs53576 genotype with those possessing the G/G genotype (M= 1.50, SD= 
.28) demonstrating somewhat greater ability to discriminate facial age facial age compared to 
those with at least one A allele (i.e., A/-) (M= 1.184, SD= .35), F (1, 20) = 3.62,p = .07,112 = 
.02. Alternatively, Cohen's d calculated solely with respect to the between subjects factor of 
genotype indicated a substantial effect, d = .994. Due to this discrepancy between obtained 
values for etasquared and Cohen's d, in addition to ambiguity in as many as 25% of samples 
sequenced, it was determined that resequencing of existing samples as well as an increase in 
sample size were necessary to resolve potential statistical artifacts. 
Scores of facial age recognition were derived from Spearman rho rank- order correlation 
coefficients comparing each participant's perceived ranking of facial age to the actual ranking of 
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stimuli within the facial set. Participants' scores for the boy and girl matrices at each age level 
(e.g., 1-4) were summed to produce a composite score (e.g., a score of2 would indicate perfect 
identification of facial age in both boy and girl faces). These age-specific composite scores were 
then averaged across all age conditions to produce an overall score of facial age recognition for 
each participant. Participants were then sorted according to genotype (i.e., homozygous G versus 
heterozygous or homozygous A). The measure of facial age perception depicted on the bar graph 
reflects the average overall scores of participants within each genotypic category. Consistent 
with the findings of Marsh et al. (2012), the homozygous A genotype was found in such low 
frequency (n = 1) that it was pooled with heterozygous participants for purposes of analysis. 
Figure 3 shows several chromatograms resulting from Sanger sequencing of pilot sample 
participants' genomic DNA at the OXTR rs53576 locus. Chromatogram A displays the singular, 
primary guanine peak indicative of the GIG genotype. Chromatogram B features two peaks of 
near equal amplitude--one guanine and one adenine-and denotes the heterozygote. 
Chromatogram Cis generally representative of the sequencing artifacts that may have affected 
genotypic calls for as much as 25% of participant DNA sequenced. As can be seen, a 
comparatively smaller, adenine peak is visible at the polymorphic locus. Neither minimal enough 
to be considered noise, nor great enough in amplitude to indicate heterozygosity, this secondary 
peak lead to an ambiguous base call. Chromatogram D typifies results obtained from 
resequencing rs53576 in several individuals within the pilot sample for confirmatory purposes. 
As can be seen, it features an appreciable frequency of background fluorescent signal. In 
addition, the optical intensity of ddGTP-terminated fragments in this specific sequencing 
reaction was 60 relative fluorescence units (RFU), significantly below the 500 RFU threshold 
required to generate an interpretable sequencing run on an ABI 3730 instrument (Applied 
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Biosystems, 2009). Low signal strength and high variability in signal strength between 
sequencing reactions (MRFU = 259, SDRFU = 209.3) was noted for the majority of samples of the 
type represented by Chromatogram D. 
Effect of Stimulus Gender and Facial Age: Pilot Sample 
A 2 X 2 X 2 X 5 ANOVA with two between subjects factors (i.e., participant gender: 
male or female; participant genotype: GG or GA/AA) and two within subjects factors (i.e., 
stimulus gender: male or female; stimulus age: 1-4, 5-8, 9-12, 13-17, 18-22 years of age) was 
conducted on participants' age discrimination scores. A significant main effect was found for 
stimulus gender, with more accurate facial discrimination demonstrated for male faces (M = .8, 
SD = .14) compared to female faces (M = .55, SD = .24), F (1, 20) = 22.73,p < .001, YJ 2 = .05. 
Additionally, a main effect for stimulus age was detected, F (4, 80) = 5.05,p < .01, YJ 2 = .05. 
Subsequent Tukey's HSD post-hoc testing demonstrated that facial aging was discriminated 
better in 1-4 year old faces (M = .89, SD = .09) than in all other facial age groups CMs-8 = .67, 
SDs-s = .34; M9-12 =.56, SD9-12 = .23; Ml3-17 = .69, SDI3-17 = .31; M1s-22 = .55, SD1s-22 = .3). 
A significant Facial Age x Face Gender interaction was also noted, F (4, 80) = 5.31,p < 
.01, YJ 2 = .04 (see Table 1). As given by Tukey's HSD post-hoc tests, female faces in the 1-4 year 
old age group were better discriminated than faces in the 9-12, 13-17, and 18-22 year old age 
groups. In addition, 5-8 year old female faces were discriminated better than those in the in the 
18-22 year old age group. There were no significant differences in participants' age 
discriminations of male faces across the five age groups. Male faces 9 years of age or older were 
identified more accurately than female faces of equivalent age. 
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Effect of Participant rs53576 Genotype: Aggregate Sample 
Due to persistent difficulties achieving reproducibility of participants' genotypic 
assignments in the pilot sample, alternative methods to Sanger sequencing were evaluated for the 
assessment of the aggregate sample. Specifically, quantitative real-time polymerase chain 
reaction ( qRT -PCR) was carried out on participants' DNA utilizing allele-specific 5 '-hydrolysis 
probes. Figure 4 depicts two hypothetical amplification plots resulting from separate qRT-PCR 
experiments. Each graph represents data obtained for one fluorophore as its signal developed 
during the amplification of single participant's genomic DNA. Amplification Curve A represents 
a qRT-PCR reaction of high quality and analytical validity. This is indicated by a baseline phase 
of fluorescence (i.e., an indecipherable mixture of signal and noise) that resolves to an 
interpretable signal between 12-15 cycles ofPCR. In this example, the point at which signal 
strength became distinct from background fluorescence (i.e., Cr) was 15 cycles. Additionally, 
this amplification curve features a distinct region of exponential growth that fully develops and 
terminates to a plateau phase within the 40-cycle, total duration of the run. Amplification Curve 
B-representative of data acquired for both the OXTR and CD38 loci of the total sample (n = 
43) of participants-is noticeably lacking several of the elements represented in Amplification 
Curve A and is of corresponding lower quality and validity. Specifically, it demonstrates a 
protracted baseline phase indicative of low levels of fluorescent signal throughout the majority of 
the PCR run, with Cr value of35. Additionally, there is only a corresponding, pseudo-
exponential amplification phase that occurs during the terminal cycles of the run. Consequently, 
the plateau phase of amplification seen clearly in Amplification Curve A is absent entirely from 
Amplification Curve B. 
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Figure 5 shows an image of agarose gel electrophoresis. Lane A contains a 1 00 base pair 
molecular weight standard. Lanes B-F were loaded with amplification products resulting from 
conventional PCR using the OXTR primer set utilized to generate template for Sanger 
sequencing. Template DNA in Lanes A-B was derived from samples acquired May, 2013. 
Template in Lanes D-E was of participants sampled October, 2013. Lane F is of an individual 
sampled January, 2014. Lanes G-L contained amplification products generated in course of qRT-
PCR. Specifically, Lane G was loaded with one replicate of the no template control assessed 
during qRT-PCR of the OXTR rs53576locus. Lanes H-I were representative of single replicates 
of two different participants' genomic DNA assessed at rs53576. Similarly, Lane J was loaded 
with a single replicate of the no template control included during qRT-PCR for the CD38 
rs3796863 locus. Lanes K-L were loaded with single replicates of two different participants' 
genomic DNA interrogated at the rs3796863. Lanes B-F possess DNA concentrations, per well, 
that are orders of magnitude greater than the 48 ng and 97 ng fragments indicated within the 
molecular weight standard. Lanes G-L appear to each contain between 40 and 100 ng of DNA. 
Effect of Simulus Gender and Facial Age: Aggregate Sample 
Analyses ofthe full, 43 participant sample were conducted using a 2 X 2 X 5 ANOVA 
carried out on participant's facial age discrimination scores. This ANOVA consisted of two 
between subjects factors (i .e., stimulus gender: male or female; participant gender: male or 
female) and one within subjects factor (stimulus age: 1-4,5-8,9-12, 13-17, 18-22 years of age). 
Age discrimination scores for each participant were derived in the same fashion as in the analysis 
of OXTR genotype's effect. Although separate from the genetic factor of principle interest here, 
significant main effects were found for the within-subjects variables of stimulus gender and 
facial age. Specifically, analysis determined a main effect of stimulus age. Specifically, male 
OXTR AND CD38 GENES IMP ACT PERCEPTION OF FACIAL AGE 19 
faces (M = . 76, SD = .14) were accurately age ranked to a statistically more accurate degree 
compared to female faces (M= .57, SD= .24), F (1, 41) = 23.5,p < .001,112 = .07. Additionally, 
significant difference was detected in participants' ability to identify facial age as a function of 
the facial age stimuli set observed, F (4, 164) = 11.85,p < .001, 112 = .11. Subsequent, Tukey's 
HSD post-hoc analysis demonstrated that faces within the 1-4 year- old age set (M= .89, SD = 
.11) were ranked on the basis of facial age to a degree of accuracy that exceeded performance on 
any other stimulus age group (Ms-s = .67, SDs-s = .28; M9-I2 = .54, SD9-12 = .23; Ml3-17 = .65 
SDB-17 = .31; M1s-22 = .54, SD1s-22 = .29). 
In addition, a significant Facial Age x Face Gender interaction was detected, F ( 4, 164) = 
7.38,p < .01, 112 = .06 (see Table 2). As indicated by Tukey's HSD post hoc analysis, female 
faces in the 1-4 year old age group were better discriminated than faces in the 5-8 year old group 
which, in tum, were discriminated better than faces in the 9-12, 13-17, and 18-22 year old 
groups. There were no significant differences in participants' ability to discriminate male faces 
across the five facial age groups. Contrastingly, male faces 9 years of age or older were 
discriminated more accurately than female faces of corresponding age. 
Discussion 
Insofar as this study attempted to quantify participants' ability to discern facial age as a 
function of OXTR rs53576 and CD38 rs3796863 genotype, it must be stated that the findings 
obtained were heterogeneous in their quality and validity. With respect to the purely 
psychosocial findings, the computerized task and facial stimulus sets utilized here allowed for 
the assessment of several clear trends regarding how faces are perceived as a function of age and 
gender. Contrastingly, neither Sanger sequencing nor qRT-PCR-based methods of genotyping 
participant DNA permitted definitive assignments of genotype for the OXTR rs53576 and CD38 
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rs3796863 loci assessed here. Necessarily, this constitutes a methodological concern that must be 
resolved prior to the extrapolation of meaningful, reproducible relationships between participant 
genotype and facial processing ability. This study is incomplete in that regard, although the 
results obtained to this point have provided informative data regarding how methodological 
optimization should proceed, as will later be discussed. 
Effect of OXTR Genotype: Preliminary Findings and Implications 
The sequencing results obtained for the 24 participant pilot sample suggested that, in 
humans, genotype at the rs53576 locus is associated with one's ability to discriminate aging in 
faces ranging from 1 to 22 years of age. Specifically, it was noted that participants possessing the 
homozygous, rs53576 GIG genotype discriminated facial aging more accurately compared to 
those of the G/A or A/A genotype. Importantly, this finding is consistent with those of previous 
studies assessing the impact of OXTR rs53576 genotype on a variety of social behaviors 
(Feldman et al., 2011; Marsh et al., 2012; Skuse et al., 2013). 
Should further, optimized genotyping experiments confirm these findings, they would 
demonstrate to a high degree of confidence that central nervous system physiology associated 
with the neurohormone oxytocin is specifically involved in the perception of facial age. This is 
important for the study of oxytocin's role in human behavior for several reasons. As indicated 
previously, a remarkable range of disparate psychosocial phenomena have been putatively 
identified as being impacted by polymorphisms in oxytocinergic genes. Appearing implausible at 
the level of manifest behavior, the biochemical properties of oxytocin and the distribution of its 
receptors within the CNS provide a possible explanation. Although oxytocin is a 
neurotransmitter, its mechanism of electrochemical signaling is somewhat different than that 
utilized by more prototypical, amine neurotransmitters (e.g., dopamine, serotonin, 
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norepinephrine). Unlike these latter neurotransmitters, oxytocin's actions are diffusive and 
spatially diverse (i .e., paracrine), as opposed to being confined to a single synapse. Thus, it is 
feasible that oxytocin released from one hypothalamic neuron could impact multiple, physically 
disparate regions in the brain (e.g., the hippocampus and amygdala). This is further facilitated by 
the lengthy, approximately 20m half-life of oxytocin within an individual's cerebral spinal fluid 
following release (Stoop, 2012). 
Once again, this is in sharp contrast to the tightly regulated system of neurotransmitter 
degradation and cellular reuptake that follows the release of amine neurotransmitters. Insofar as 
cognitive and behavioral processes can be localized to discrete brain regions, it is reasonable to 
expect that secreted oxytocin, acting through OXTR, would serve to persistently activate 
multiple such regions and coordinate a correspondingly large range of participant responses to a 
given social stimulus. Reasonably though, there must be limits to the extent of oxytocin's impact 
on cognitive abilities. Although there has hereto been a robust demonstration of oxytocin's role 
in the processing of social stimuli, polymorphisms impacting the efficiency of its signaling 
would not be expected to reliably predict individual differences in other psychological domains 
(e.g., general intelligence). Thus, one question the present study is in a position to eventually 
answer involves the delineation of experimentally defined boundaries regarding oxytocin's role 
in cognition. 
Although an abundance of prior research has demonstrated that polymorphisms in genes 
related to the release of oxytocin impact multiple aspects of social cognition (Bakermans-
Kranenberg & Van Ljzendoorn, 2008; McQuaid, Mcinnis, Stead, Matheson, & Anisman, 2013; 
Sauer, Montag, Worner, Kirsch, & Reuter, 2012), this is not to say that such polymorphisms 
must impact all aspects of social cognition. In this sense, it is only through the construction of a 
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"behavioral map"-an assessment ofrs53576's relationship to a variety of specific social 
cognitive skills-that neurogenetic research will be able to experimentally assess the extent to 
which oxytocin is indeed the prototypical, "social" molecule. 
Effect of Stimulus Age and Stimulus Gender 
22 
Analyses of age discrimination data from both the pilot study (n = 24) and the aggregate 
sample (n = 43) are remarkably similar. As previously discussed, these analyses showed that 
male faces were discriminated better than female faces and that younger faces (i.e., 1-4, 5-8 
years of age) are discriminated more accurately than older faces (i.e., 9-12, 13-17, 18-22 years of 
age). In addition, comparable Facial Age x Facial Gender interactions were detected in both 
samples. Specifically, accuracy in age discrimination of male faces in all five facial age sets was 
comparable (i.e., for both samples, differences across age sets were non-significant). 
Alternatively, relative to younger faces (i.e., 1-4 and 5-8 years of age), male faces aged 9 years 
or older were discriminated more accurately compared to same-aged female faces. 
A variety of explanations may explain this finding. Firstly, the faces used in the 
generation of the older female stimuli may simply have lacked features as distinct as those used 
for the other facial age sets. In the course of developing facial stimuli, the absence of a readily 
accessible source of high-quality, longitudinally recorded photographs of multiple male and 
female individuals was noted. Thus, the minimum selection criteria for individual faces 
composited in each facial set was that the faces be of the same individual at both ages denoted by 
the specific facial set (e.g., 1 and 4 years of age). Using this method, it was not the case that 
individual faces included in a given stimulus set were represented longitudinally in all stimulus 
sets, largely due to the fact that records of a given individual's facial aging were rarely well 
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documented and in the format required here. It is possible that this selection process resulted in 
older stimuli possessing unrepresentatively indistinct facial features. 
Related to this, it must be noted that the facial age sets utilized in this study were 
constructed using attractive people (i.e., child and young adult actors). At a basic level, this may 
have presented a threat to ecological validity, as it is highly unlikely that such faces, based on 
their very nature, represent a normal distribution of individuals 1-22 years old. This phenomenon 
may also serve to explain why female faces ages 9 to 22 years old were more poorly 
discriminated compared to male faces of equivalent age. It is known that, across cultures, 
females retaining a higher degree of conserved facial neoteny are rated as being more attractive 
(Jones, 1995). It may have thus been the case that, compared to 9-22 year old women at large, 
those individuals used to construct the corresponding facial aging sets used here demonstrated an 
unrepresentatively low rate of aging (i.e., a higher rate of retaining childlike facial 
characteristics) consistent with the fact that many young actresses are employed, in part, on the 
basis of their attractiveness. If we understand the skill of facial age recognition to consist of 
assigning predictive weight to age-distinctive facial qualities, the absence of this distinctiveness 
in the stimulus faces presented may have affected participants' ability to age rank them 
accurately. 
Finally, both the pilot sample (n = 19) and aggregate sample (n = 34) had a 
disproportionate number of female participants. It is possible that female participants viewed 
these faces, particularly older female faces, to be self-relevant and responded to them in a 
categorically distinct fashion. Specifically, older female faces may have been interpreted as 
threatening, particularly due to their previously noted high level of attractiveness. This may have 
evoked a certain amount of stereotype threat (e.g. , these faces are my age, I don't look like these 
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faces, I don't belong) in female participants, impairing their ability to objectively attend to 
differentiating aspects of such faces. 
qRT -PCR Genotyping: Current Findings and Future Optimization 
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As noted, qRT-PCR analysis failed to produce conclusive assignments of participants' 
OXTR rs53576 and CD38 rs3796863 genotypes. Generally stated, qRT-PCR involves the 
hybridization of one of two sequence-specific probes to the site of a single nucleotide 
polymorphism (i.e., rs53576) within a participant's DNA. Because a single copy of the OXTR 
gene contains either one or the other form of the polymorphism, the particular, sequence-specific 
probe bound can be used to determine an individual's genotype. This is accomplished by 
labeling each of the two forms of the probe with different fluorescent markers (i.e., fluorophores) 
and generating many copies of a participant's DNA surrounding the polymorphism to generate a 
large number of probe-DNA interactions. As a consequence, a robust fluorescent signal is 
generated and genotype at a given locus can be determined with a high degree of confidence 
based on the wavelength of fluorescence detected. Specifically, the parameters utilized here 
directed the thermal cycler to conduct 40 amplification cycles and read any fluorescent signal 
developed in each reaction after every cycle. 
As stated, a large number of probe-DNA interactions are required to produce a 
fluorescent signal of high analytical confidence (i.e., one in which the proportion offluorescent 
signal exceeds baseline noise rapidly). In this analysis, the amplification did not cross this 
threshold (Cr) until late in thermal cycling and, as a consequence, failed to generate sufficient 
signal to permit reliable genotypic assignments. Figure 4a illustrates an ideal qRT-PCR run, with 
the exponential phase of amplification occurring relatively early (Cr ::; 15), thus allowing for a 
maximal number of probe-DNA interactions and a favorable fluorescent signal to noise ratio. In 
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contrast, Figure 4b illustrates the quality of results obtained using qRT-PCR to genotype the 
OXTR rs53576 and CD38 rs3796863 loci of participant's DNA. That is, there was a protracted 
baseline amount of fluorescence throughout the run, which ultimately broke threshold at a high 
CT value. As such reaction kinetics are indicative of relatively few of the probe-DNA 
interactions essential for genotypic assignment, the resulting data is uninterpretable. 
Because CT value is inversely proportional to the starting concentration of DNA included 
in each reaction ("Sigma-Aldrich"), it is likely that these suboptimal genotyping runs resulted 
from an excessive dilution of the participant DNA used. Although based on prior, qualitative 
estimations made in preparation for Sanger sequencing, absolute quantification of nucleic acid 
concentration in each sample was not conducted due to a lack of appropriate instrumentation. 
Acknowledging accurate determination of DNA concentration to be of key importance to 
optimizing this methodology, further research will attempt to utilize an appropriate device (e.g., 
microvolume spectrophotometer) to enable more accurate dilutions within the range specified by 
the 5' -hydrolysis probe assay. 
Due to exposure of participant DNA to room temperature for an appreciable amount of 
time during December 2013 (i.e., resulting from a freezer malfunction), an assessment of 
affected samples was necessary to ensure that this would not serve as a confound in further 
genotyping experiments. The gel electrophoresis results demonstrated in Figure 5 appear to 
confirm that maintained stocks of participant DNA are not degraded, do not show regular 
variation as a function of sampling date, and are, thus, amenable to further analysis. This is 
indicated by Lanes B-F, which were loaded with products resulting from conventional PCR of 
participant DNA using the OXTR primer pair utilized in the preparation of samples for Sanger 
sequencing. Specifically, across all samples of different collection periods (i.e., 5/2013, 10/2013, 
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and 1/2014 ), PCR products were visualized on the gel in excess of 1 00 ng, indicating that DNA 
quality is not likely to negatively impact future qRT-PCR genotyping experiments. 
17p-Estradiol: A Potential Source of Further Socio-Cognitive Variability 
In addition to genetic factors, it is likely that steroid hormones, particularly estrogens, 
exert an effect on the functionality of oxytocinergic neurons in the CNS. Choleris et al. (2003) 
pose a system of oxytocinergic gene regulation whereby the expression of estrogen receptor 
alpha (ER-a) and its subsequent activation by endogenous estrogens, such as 17~-estradiol (E2), 
drives the expression of OXTR in the amygdala, a brain region of known relation to emotional 
and social processing (Adolphs, 201 0). Similarly, they argue that the expression of estrogen 
receptor beta (ER-~) regulates the production of oxytocin itself within the paraventricular 
nucleus of the hypothalamus, additionally, in an estrogen-dependent fashion. 
It is known that a concentration as low as 2.66 nM of 1 7~-estradiol benzoate is sufficient 
to cause the release of oxyocin from the cell bodies and, predominantly, the dendrites of 
hypothalamic magnocellular neurons. Speaking to the importance of E2 specifically on CNS 
oxytocinergic signaling, this effect fails to occur with the application of 17a-estradiol and does 
not promote axonal oxytocin secretion within the posterior pituitary (i.e., oxytocin release that is 
unrelated to CNS activity) (Wang, Ward, & Morris, 1995). Interestingly, Wang, Ward, & Morris 
(1995) further observed that the magnitude of this oxytocin release did not increase with 
increasing estradiol concentration and duration of estradiol exposure, but instead remained 
constant above a threshold concentration of hormone (i.e., 2.66 nM) and a minimal exposure 
time. 
Although young adult males produce E2, it is typically produced in much lower 
concentration (i.e., 80 pM as measured in serum) and with no clear infradian pattern of 
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variability (Richthoff et al., 2003). In contrast, E2 levels in normally cycling, premenopausal 
women are much higher and vary phasically from 5.5 (England, Skinner, Cottrell, & Sellwood, 
197 4) to 7. 7 fold (Stricker et al., 2006) over the course of the menstrual cycle. A measurement of 
E2 is thus necessary to account for between- subjects variability and to disentangle the behavioral 
effects of estrogenically directed gene expression from the outcomes of genetic variation, if not 
identify further mechanisms underlying oxytocinergically regulated cognitive functions. 
Although planned, an analysis of participants' salivary levels of 17~-estradiol was not 
carried out due to time constraints and reservations regarding available instrumentation. As with 
participant genotyping, assessment of inter-individual variation in participants' estradiol levels 
constitutes a body of data crucial for the assessment of hypotheses proposed by this study. 
Reflecting this, such procedures will be completed in the immediate future, concurrent with 
further efforts to assess participants' OXTR rs53576 and CD38 rs3796863 genotypes. In large 
part, such measurement of estradiol is necessary to account for participants' menstrual variation 
and use of hormonal contraceptives. Although acknowledged as a threat to validity by other 
research groups investigating the role of oxytocin in social cognition, studies such as Marsh et al. 
(2012) have heuristically estimated fluctuations in sex hormones by sampling female participants 
solely during the follicular phase of their menstrual cycle. To avoid such an intrusion into our 
participants' privacy, a 17~-estradiol enzyme-linked immunosorbent assay (ELISA) will be used 
to directly measure estradiol present in saliva for use as a covariate in data analysis. In addition 
to minimizing the amount of sensitive, personal information collected from participants, this 
method should serve as a superior control for between-subject variation in bioactive estrogen 
levels, providing the fine precision necessary to quantify the pg/ml differences in E2 
concentration of potential significance to facial age perception. 
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Table 1 
Pilot Sample: Mean (SD) Age Discrimination Scores as a function of Facial Age and 
Facial Gender 
Facial Age Group 
Facial Gender 1-4 yrs 5-8 yrs 9-12 yrs 
Females .92 (.05)a .65 (.39)b .41 (.35)C 
Males .86 (.15)f .68 (.34)g .72 (.24)h 
The following mean differences are significant at p < .05: 








Aggregate Sample: Mean (SD) Age Discrimination Scores as a function of Facial Age 
and Facial Gender 
Facia] Age Group 
Facial Gender 1-4 yrs 5-8 yrs 9-12 yrs 
Females .92 (.05)a .66 (.33)b .41 (.33Jc 
Males .85 (.21)f .69 (.29)g .68 (.29)h 
The following mean differences are significant at p < .05: 








OXTR AND CD3 8 GENES IMP ACT PERCEPTION OF FACIAL AGE 
Figure 1. A hypothetical array of faces for the 1- 4-year-old girl age group as they 
would be presented to participants. Faces are arranged from left to right, top to 
bottom by increasing facial age. In experimental trials, faces were randomly 
assorted to 1 of 29 cells. 
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p = .07 
GIG N-
OXTR SNP Genotype (rs53576) 
Figure 2. A bar graph depicts participants' accuracy in recognizing 
facial age as a function of their respective OXTR rs53576 genotypes. 
Comparisons are made between those homozygous for the G allele (i.e., 
GIG) versus those who are either heterozygotes (i.e., G/A) or 
homozygotes (i.e., AI A) for the A allele. Error bars indicate standard 
deviations. 
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Figure 3. Several chromatograms resulting from Sanger sequencing of 
participants' genomic DNA at the OXTR rs53576 locus. Chromatograms 
A-C were generated during the same sequencing run. Chromatogram D 
was generated subsequently for confirmatory purposes. The shaded blue 
box indicates, as a reference, a six nucleotide, non-polymorphic region 
immediately adjacent of the SNP. The bolded arrow indicates the 
polymorphic locus itself. 
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Figure 4. Several hypothetical amplification curves showing the relative 
fluorescence of one fluorophore resulting from qRT-PCR carried out on 
one participant's genomic DNA. Amplification Curve A is of high quality 
and validity. This is contrast to Amplification Curve B, which is generally 
representative of the results thus far obtained for both OXTR rs53576 and 
CD38 rs3796863 using this technique. For both plots, signal threshold is 
set at . 02 RFU. 
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Figure 5. Agarose gel electrophoresis resulting from both conventional PCR (B-F) and qRT-PCR (G-L). 
From left to right, the contents of the lanes are as follows: (a) 100 base pair molecular weight standard; (b) 
OXTR amplicon of genomic DNA collected 5/2013, participant 1; (c) OXTR amplicon of genomic DNA 
collected 5/2013, participant 2; (d) OXTR amplicon of genomic DNA collected 10/2013, participant 3; (e) 
OXTR amplicon of genomic DNA collected 10/2013, participant 4; (f) OXTR amplicon of genomic DNA 
collected 1/2014, participant 5; (g) no template control assessed during qRT-PCR genotyping ofOXTR; (h) 
genomic DNA assessed during qRT-PCR genotyping of OXTR, participant 7; (i) genomic DNA assessed 
during qRT-PCR genotyping ofOXTR, participant 8; G) no template control assessed during qRT-PCR 
genotyping ofCD38 (k) genomic DNA assessed during qRT-PCR genotyping ofCD38, participant 7; and (1) 
genomic DNA assessed during qRT-PCR genotyping ofCD38, participant 8. Adjacent to the molecular 
weight standard, lengths (in base pair) and masses of critical fragments (in nanograms) within the standard 
are provided to facilitate interpretation of the gel. 
